• This is a pre-copy-editing, author-produced PDF of an ar- It is generally recognised that students' past qualifications affect academic achievement at university, hence the need for minimum entry requirements for courses. However sometimes students with lower qualifications work and succeed beyond expectations, while better qualified students struggle. This study sought to investigate students' confidence, liking of the subject, motivation and entry qualifications, and to investigate the effect of these on students' achievement. It was hoped to understand the inter-relations and relative importance of different factors and how the students perceived learning mathematics.
Competence in mathematics is the main desired outcome from university engineering mathematics modules. However, if confidence is found to have an effect on, or relationship with, students' achievement, then should confidence also be considered by university lecturers as a means to improve student achievement?
This paper describes the background at Harper Adams and nationally, past studies and student difficulties, and the methodology of this research. Results of student questionnaires are presented, including the trends found between GCSE mathematics grades, students' confidence and first year university engineering mathematics marks. Key questions posed in the questionnaires are in Appendix I. Results of ANOVA and Kruskal-Wallis tests and regression analysis are described, and the overall findings are summarised in the conclusions.
Background
Harper Adams University College is a higher education college in Shropshire specialising in land-based subjects. Engineering honours degrees are offered in Off Road Vehicle Design, Engineering Design and Development, and Agricultural Engineering, for MEng, Beng and BSc. FdSc/HND awards are also available.
BEng and MEng students are required to have three A2 grade C's (B's for MEng). A2 mathematics is recommended but not essential, although some study of mathematics beyond GCSE is; this may be AS level or national diploma mathematics. BSc and HND/FdSc students' mathematics experience is more varied, some have A-level mathematics (as recommended), but the minimum requirement is grade C GCSE mathematics (although some have lower GCSE grades because they have studied mathematics post-GCSE).
Students are taught mathematics in groups by award level, of between 12 and 30 students, in a classroom style room. Students are timetabled two consecutive hours per week, which is divided between teaching/lecturing and working on tutorial exercises. Students are provided with handouts which include theory, worked examples and exercises with answers. Additional help is available in the extra mathematics weekly group times or by individual mathematics support appointments.
Since 2001 mathematics support and a changed module content (including revision of essential mathematics) have much improved student retention and achievement. Currently, mean examination scores are generally in the 60%'s and 70%'s, reflecting good progression and achievement.
Recent improvements contrast with past poor retention, especially in 1999/2000 (Parsons, 2005) , and with widespread concerns over engineering and science students' learning of mathematics. Hawkes and Savage (2000) refer to the 'serious decline in students' mastery of basic mathematical skills and level of preparation for mathematics-based degree courses. This decline is well-established and affects students at all levels. As a result, acute problems now confront those teaching mathematics and mathematics based modules across the full range of universities.' Much work has been done to document and seek to address the 'mathematics problem', which may be described as the skills gap between what students are expected, or need, to know on arrival at university and what they actually know.
The effect of students' attitudes and confidence is also worthy of consideration. Ernest (1991) wrote of 'growing evidence of the importance of students' attitudes and beliefs about mathematics for their achievement and successful applications of the subject.' and proposed cycles of positive attitudes, effort and success for learning mathematics, and contrasting negative cycles (Ernest, 2000) . In their report on the mathematical education of engineers, Kent and Noss (2003) described the process to improve students' mathematical confidence as 'a slow process, which cannot be achieved through quick remediation, unlike the problem of "filling in" some gaps in mathematical knowledge'.
One of the aims of a study of single honours mathematics undergraduates in two UK universities was 'to understand better … why some maintain or develop more positive attitudes than others. ' (Brown et al, 2003) . Brown et al found that 'one of the main factors found to influence students' attitudes to mathematics over the course of the study was success at the subject.' Correlations were found between students' knowledge and A-level results, but not with whether students had studied Further Mathematics A-level. Students' attitudes to their studies and social and emotional lives were all found to impact on and influence each other.
The study reported in this paper sought, similarly to the Brown et al study (2003) , to understand factors which impacted upon learning of mathematics, but differed in that it investigated first year engineering students in a university college.
Confidence in mathematics is a belief (Fishbein and Azjen, 1975) , namely the person's belief that he is able to 'do mathematics'. In the current study three domains of 'confidence' were defined: an Overall Confidence in Mathematics, i.e. a person's belief that he can do mathematics in general, Topic Confidences for particular mathematics topics, i.e. a separate confidence for each topic being considered, and Applications Confidence, i.e. the confidence to apply mathematics skills and knowledge in the future, for example for a project or at work. These three confidence domains are described in greater detail below, and were used in the study to both verify whether confidences could be treated in this way and to explore how confident the students were.
Overall Confidence in Mathematics is a single measure which represents a persons' belief as to whether they can do 'any' or 'all' mathematics. 'I don't have a mathematical mind' and 'I have never felt myself able to learn mathematics' are phrases used by people who have a low Overall Confidence in Mathematics. Low Overall Confidence in Mathematics can result in reduced effort in mathematics, or even mathematics avoidance, because students don't consider that they can succeed and therefore avoid expending what they perceive would be wasted effort. Low Overall Confidence in Mathematics can also be associated with anxiety, and sometimes even panic, regarding doing mathematics. It was considered that high Overall Confidence in Mathematics was beneficial, not simply as a positive outlook, but also because it motivates students to work at mathematics because they believe they can do it. This is then self-fulfilling because their efforts improve their ability and performance. High Overall Confidence in Mathematics is a pre-requisite for independent learning in mathematics. Low Overall Confidence was considered a barrier to learning mathematics, whereas high Overall Confidence was considered an enabler.
Topic Confidence is the student's belief as to whether he can do a particular part of mathematics, for example 'rearrange an equation' or 'differentiate a product'. Each student could have any number of topic confidences depending on the list of topics which are being investigated, because he would have a Topic Confidence for each topic. Confidence at any one topic will vary greatly depending on a range of criteria, including: whether the student has even studied this topic, whether they understood it, whether they can remember it, and the perceived level of difficulty, etc. Students' Topic Confidences. i.e. their believed ability in particular mathematics topics, were assessed at Loughborough University (Armstrong and Croft, 1999, and Croft, 2005) , Curtin University of Technology in Australia (Frid et al, 1997) and at the University of Southern Queensland (Carmichael and Taylor, 2005) . These studies were used to determine students' needs for additional support.
Applications Confidence, the confidence to apply mathematics, was also of interest because students should be prepared for their future lives, not only for success at university. Many jobs in engineering require competency in mathematics and it is beneficial for students to feel confident that they will be competent in this respect at work in the future, and also in the later parts of their course. Conversely someone who has formed their opinion that they 'can't do maths', then despite successfully learning some topics (thus having high Topic Confidences in these topics) persists with their low Overall Confidence in Mathematics. This latter case is a sad example and is less able to learn independently than the former.
Overall Confidence in Mathematics
Warwick (2008) describes a study of undergraduate students studying mathematics as part of a computing degree at London South Bank University, in which he investigated means to enhance students' self-efficacy and their engagement with mathematics. Whilst he did not differentiate between self-efficacy and self-concept beliefs, he describes clearly Bandura's four main sources of evidence which generally contribute to an individual's self-efficacy beliefs. These are: performance evidence (success raises self-efficacy whereas failure lowers it) which is the strongest source of evidence, vicarious experiences (comparison with peers, colleagues and classmates), verbal persuasions (comments and feedback from others), and physiological and affective states (inner feelings of worry, anxiety or alternatively confidence and enjoyment which may be experienced when undertaking mathematical tasks).
In the next section we will describe our methodology for gathering data and assessing student confidence, attitude and motivation.
Methodology
In May 2005, 2006 and 2007 questionnaires were administered to first year engineering students at Harper Adams seeking their views on learning mathematics. Open and closed questions gathered information on qualifications, confidences, attitudes, motivation and students' views on the modules and support provided. These questionnaires were part of a larger study which included second year students and students on other courses, which are not described in this paper. 
Results

Results of Closed Questions
Mean student responses from the 2005-7 questionnaire key closed questions and mean mathematics marks are shown by award group in Table 1 below, and in Figures 1 and 2 . Student confidences, liking and Motivation were measured using Likert scales, from 1 to 5 (5=high).
Considering the totals and overall mean responses, the first year engineering students had medium to good confidence in their ability to do mathematics, as demonstrated by mean ratings above 3 in all cases. 72% of students responded that they felt more confident in mathematics at the end of the first year, and the mean response to whether students felt more confident after the mathematics module was 4.0 (out of 5). First year engineers were fairly motivated: average Motivation 3.4 and overall 71% would choose to study mathematics. The mean time spent working on mathematics outside of lectures was 1.3 hours per week according to the student responses.
Student responses regarding statistics were lower than for mathematics, both their confidence in their ability to do statistics (mean value 3.0), and students' Liking of Statistics (mean value 2.7, the only mean rating less than 3) were lower than the equivalents for mathematics. It was not clear whether this related to statistics as a subject or to the use of mathcad.
The overall mean mathematics module mark, the average of three termly examinations, was 67.2%, indicating good achievement for the students who completed the questionnaires.
Mean student ratings by award group are shown below in Figure 1 . Generally the MEng/BEng students were the most confident, liked mathematics more and were more motivated in mathematics than the BSc students, whose confidence, liking and motivation were higher than those of the HND/FdSc students, even though the MEng/BEng curriculum and exams were harder. The BSc students reported the greatest increase in Confidence in Mathematics and Liking of Mathematics, and the HND/FdSc students had the greatest Confidence in Life.
Confidence in Life was often found to follow an opposite pattern to Confidence in Mathematics, high Confidence in Mathematics was often found in students with lower Confidence in Life and vice versa. The HND/FdSc students reported the lowest Confidence in Mathematics (3.2) and lowest Confidence in Statistics (2.9), but the highest Confidence in Life (4.0) which further highlights the potential for improvement in their confidence in their ability to do mathematics and statistics. The HND/FdSc students were generally the least mathematically qualified, thus these findings were consistent with findings shown later regarding GCSE mathematics grades.
Overall students' Confidence in Life was greater than for Confidence in Mathematics, which was greater than their Confidence in Statistics (their ability to do statistics). Almost all mean ratings were over 3 (the middle possible value) except for confidence and liking ratings for statistics which were lower, almost all below 3. See Figure 1 . Please see Appendix I. for the whole wording of questions shown on the horizontal axis. 
Figure 2. Surveyed Students' Mathematics Marks by Award Level
The results for the eleven Topic Confidences were varied, as expected, and were often slightly higher than the students' overall Confidence in Mathematics as one might hope for, as students had recently been taught and practised these topics. Student responses regarding Applications Confidence in the future fell into two categories: less confident which some explained that they would have forgotten the mathematics by then, whilst others would be more confident because they would have learned and practised the mathematics more.
Results of Open Questions
Open questions on the questionnaires revealed varied opinions and were generally consistent with the closed question mean ratings. Student attitudes towards studying mathematics (see Question 11 in Appendix I) were often positive (e.g. 'good attitude' 'positive', willing to learn', 'hard working and positive' 27% of responses), 'OK' or 'Alright' (11% of responses ), and many students understood that Mathematics was necessary for engineering (e.g. 'It has to be done so you might as well get on and do it', 'A necessity', 18% of responses). This necessity appears to override a lack of confidence or dislike of the subject and appears to be a powerful motivator.
Some students reported that their confidence was established a long time ago (see Question 5. in Appendix I), e.g. a long time, forever, always (25%), or during secondary school (26%), and some responses (20%) described confidence held since learning mathematics at Harper Adams. This was consistent with closed question responses which showed that many students had gained confidence at Harper. Students' previous experiences (see Question 6. in Appendix I) were very mixed (e.g. overall good experiences 19%, overall bad experiences 17%). A noticeable number of students, 9 (8%), described past problems specifically arising during A-level mathematics. The students' responses to what had helped their learning, included: good teaching, mathematics support, and handouts.
Overall the students' responses show mixed experiences before university, as would be expected, but were generally positive about learning mathematics at Harper Adams.
Analysis and Discussion
Relationships between Mathematics Module Marks, GCSE Mathematics Grades and Confidence in Mathematics
Students with higher GCSE mathematics grades generally achieved higher marks in the mathematics modules. GCE A-level mathematics details were not present for all students surveyed, because not all the students had studied A level mathematics (e.g.Scottish or Irish students), and therefore could not be used in these analyses. Because only one student reported achieving GCSE mathematics grade A*, grades A and A* were combined. Likewise, due to a single grade E, grades D and E were also combined. Ten students had blank or numeric GCSE mathematics grades (possibly Scottish) which were excluded, and also those students who did not provide their student id number could not be linked to their module marks. Figure 3 shows that the mean mark for students with GCSE mathematics grade A or A* was 81%, and that mean university marks decreased for lower GCSE grades, down to 40% for mathematics grades D or E. The student numbers represented by the columns (Grades A/A* to D/E) were: 22, 44, 27 and 4 respectively. An ANOVA test was carried out which found a significant difference between the university marks in mathematics for students with different grades at GCSE Mathematics (P<0.001), students with higher mathematics GCSE grades generally achieved higher first year mathematics marks.
Figure 3. 2005-7 Mean Mathematics Marks by GCSE Mathematics Grade
Students with higher GCSE mathematics grades generally reported higher confidence in their ability to do mathematics. Figure 4 shows the mean Confidence in Mathematics for students with GCSE mathematics grade A or A* was 3.7 and that mean confidence decreased as GCSE grade decreased, down to 2.8 for grades D or E. The student numbers represented by the columns (Grades A/A* to D/E) were: 22, 48, 27 and 4 respectively. The students' confidence ratings were taken at the end of their first year at university and not straight after GCSE, which might have produced a clearer trend.
Figure 4. 2005-7 Mean Confidence in Mathematics by Mathematics GCSE Grade
A Kruskal-Wallis test was carried out, which found a significant difference between the confidences of students with different GCSE Mathematics grades (P<0.001). The KruskalWallis test, a non-parametric equivalent of ANOVA, was carried out because the confidences were ranks and whilst these might have approximated to an interval scale, this test does not rely on the underlying assumption of interval data (but can also be used with interval data). In order to carry out the Kruskal-Wallis test some categories were combined to remove low counts: confidence 1 with 2, confidence 4 with 5, and GCSE grade C with D/E. Students with higher Confidence in Mathematics achieved higher marks in first year engineering mathematics. An ANOVA test confirmed there was a significant difference between the marks achieved by students with different Confidences in Mathematics (P<0.001). Figure 5 shows a mean mark of 43% for students with the lowest Confidence in Mathematics (1), and that mean marks increased as Confidence in Mathematics increased, up to 80% mean mark for students with the highest Confidence in Mathematics (5). The student numbers represented by the columns (confidences 1 to 5) were: 5, 8, 40, 47 and 11. 
Relationships between Mathematics Module Marks and Other Factors
ANOVA tests were performed to test which factors had a significant effect on (or relationship with) students' marks in first year engineering mathematics.
Student mathematics marks were found to be very highly significantly (P<0.001) related to award level (M/BEng, BSc, HND/FdSc), GCSE mathematics grade, GCSE mathematics tier, whether students had studied A-level mathematics, whether students would choose to study the mathematics module, Confidence in Mathematics and Liking of Mathematics. This analysis did not, however, prove cause and effect.
The following factors were also considered but did not give significant relations with mathematics marks: University Course, Age, Dyslexia, Confidence in Life, Time spent working outside lectures and whether students used Mathematics Support. Analysis outside the scope of this paper showed that Mathematics Support was a value added measure, generally improving the marks of students with lower qualifications.
The results of the ANOVA tests were that significant relationships were found consistent with section 5.1, that higher achievement in mathematics at university was associated with higher past achievement and higher Confidence in Mathematics at university.
Correlation and Regression Analysis
Correlation and regression analysis was carried out to find a model to explain the students' university mathematics marks based on their GCSE mathematics grade,
Confidence in Mathematics, Liking of Mathematics and Motivation rating (where the Confidence in
Mathematics is a variable used to measure the domain Overall Confidence in Mathematics). For the purpose of this regression analysis the independent variables were recoded: GCSE Mathematics grades were coded as A/A*=3, B=2,C=1, D/E=0, and the 5 point Likert scale values were reduced by 1 to 0-4 (from 1-5).
Table 2 below shows that each of these variables was found to be significantly correlated with the mathematics module marks (the dependent variable). The 'independent' variables are listed in order of the correlation coefficient, showing that mathematics GCSE grade was the most correlated with the mark, followed by Confidence in Mathematics, then Liking of Mathematics, then Motivation. A correlation matrix was also produced to check the correlations between the 'independent' variables, and the result was that these were not independent variables due to significant correlations between them. Thus it was not possible to produce a model to predict the module mark which contained all the above variables with significant coefficients for each independent variable. The cause of this could be explained by considering that although Confidence in Mathematics, Liking of Mathematics and Motivation were different attributes of students, their responses to these questions were often numerically similar.
It was, however, possible to produce models to predict the module mark using (as independent variables) the GCSE mathematics grade and only one of the other variables: Confidence in Mathematics, Liking of Mathematics or Motivation. The resulting R and R-Square values are shown in Table 3 below, showing broadly similar values for the three models. 
x Confidence in Mathematics
This model shows a baseline mark of 31.9 % for a student with the lowest GCSE mathematics grade and lowest confidence (1). Each higher grade achieved at GCSE adds 12.3% to the student's predicted mark, and each higher Confidence in Mathematics adds 5.2% to the student's predicted mark.
This model seems very reasonable when compared to the actual mean marks by GCSE grade, where some of the differences between marks for each grade are similar to 12%. See Figure 3 . Likewise, the increases in mark for increased Confidence in Mathematics can also be seen to be similar to the 5.2 % predicted by the model. See Figure 5 .
The other linear regression models produced to predict the mathematics module mark (%) were similar to that shown above for GCSE mathematics grade and Confidence in Mathematics, but were produced using GCSE mathematics grade with either Liking of Mathematics or Motivation.
Mark % = 30.5 + 12.6 x GCSE Grade + 5.5
x Liking of Mathematics
Mark % = 28.2 + 13.6 x GCSE Grade + 5.7
x Motivation
In all three models there is a baseline mark of approximately 30% for the students with low GCSE mathematics grade and low Confidence or Liking or Motivation (1). Each higher GCSE mathematics grade adds approximately 12-13% to the mark, and each higher confidence, liking or motivation adds approximately 5-6% to the mark. All three models are similar in explaining approximately 37.1% of the variation in student marks. The Adjusted R-Square values allow the comparison of models with differing numbers of variables and again all three models are approximately equivalent (Adjusted R-Square approx. 0.36). The purpose of creating these models was however to ascertain approximate or relative portions to the effects of different factors (independent variables), and was not to obtain precise values for the coefficients.
Students' mathematics GCSE grade is fixed. However their confidence, liking and motivation can be changed at university, albeit slowly according to Kent and Noss (2003) . These models indicate that whilst past qualifications produced the greatest effect, the effect of these subjective and potentially modifiable attributes was measurable and worth paying attention to.
Conclusions
The methodology adopted was generally successful. Students completed the questionnaires with meaningful responses which provided insight into their experiences and domains of confidence. The three domains of confidence were found to work as defined. The experiences of Harper Adams first year engineering students were mixed for learning mathematics before university, but generally positive at university. To determine why, the students' responses to what had helped their learning provided the most relevant details, including: good teaching, mathematics support, and handouts. The majority of engineers (71%), would have chosen to study mathematics and were fairly well motivated. Many had positive attitudes to learning mathematics. Students reported a range of levels of confidence in their own ability in mathematics, and the mean Confidence in Mathematics was good, above 3 (out of 5).
Comparing engineering students' confidence in their abilities gave on average: Confidence in Life higher than Confidence in Mathematics which was higher than Confidence in (their ability in) Statistics. The majority of students, 72%, reported an increase in confidence during the year. Whilst students were not asked explicitly what they thought had caused this, the most likely causes were: their success at the subject, both when working on examples during the year and good termly examination results, small class sizes, good teaching, mathematics support and student handouts. This is an area which at the time of writing was being explored further in student interviews.
Relationships were found between students' entry qualifications (Mathematics GCSE Grade and whether they had studied A-level mathematics), students' Confidence in Mathematics and their achievement in university engineering mathematics. Higher achievement in mathematics at university was associated with higher past achievement and higher Confidence in Mathematics at university. These relationships were tested and found significant using ANOVA and KruskalWallis tests, correlations and regression models. Age, Dyslexia and the time spent working outside lectures were shown to not have a significant effect on mathematics marks.
Correlation and Regression analysis was carried out which found a model predicting the mathematics marks comprising a baseline mark of approximately 30%, and that marks increased by 12-13% for each higher GCSE mathematics grade, and by 5-6% for each increase in Confidence in Mathematics.
Students with the lowest GCSE grades were generally the least confident and least successful in mathematics; it is recommended that these students should be identified and targeted with extra help and confidence building. At Harper Adams these students are identified in the first weeks of the year by the numeracy screening process and are brought to the lecturer's attention and encouraged to seek support. Other institutions could also benefit from identifying the students with the lowest qualifications and ensuring that they take up any support available.
A main aim of the work reported in this paper was to investigate the relationship between confidence and achievement. Warwick (2008) investigated self-efficacy and student engagement. His recommendations included: giving feedback to students on particular aspects of the work when deserved (not just a general 'well done'), that real enhancements to efficacy stem from successful completion of more difficult tasks, and that students should be made aware that mathematical competence and ability are changeable and can be developed through practice and experience. Warwick concluded that increasing student self-efficacy in itself improves student engagement in mathematics and suggests other more general means to improve student engagement (for example emphasising the real world relevance of the subject, which was also a finding in the present study not described in this paper).
Students' confidence in their ability in mathematics was shown by this present study to have significant relations with performance both before and at this university college, but not proven to be causal. Whilst a majority of students were shown to be confident and successful, a minority were not, so there was room for further improvement. Mathematics lecturers rightly concentrate on teaching mathematical skills and knowledge, but these findings indicate that students' confidence in their ability in mathematics does matter. Students' achievement and experiences could be further improved if university lecturers also sought to boost students' confidence in their ability in mathematics. Regarding nurturing academic confidence, Pajares (2000) 
